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Monday, February 4, 2013 347acells on the molecular level is poorly understood. The vitrification model posits
that the role of sugars are merely to inhibit ice formation altogether. The water
replacement model predicts sugars preferentially bind to the surfaces of protein
forming a protective layer against the denaturing ice formation. Under this par-
adigm, one would expect the hydrodynamic radius of diffusing protein to in-
crease with increasing sugar concentration. In order to test this hypothesis,
we have developed both one-photon and two-photon fluorescence correlation
spectroscopy (FCS) to measure the hydrodynamic radius of fluorescent parti-
cles in glucose solutions. The two-photon technique was developed to investi-
gate tryptophan-containing proteins. However, to date, we have only succeeded
in measuring the diffusion of reasonably large, Avidin-coated polystyrene
spheres that possess sufficient fluorescence to be reliably detected. Work is
continuing on using this technique to study the diffusion of the protein hemo-
cyanin. Given these difficulties with the limited brightness of tryptophan, the
one-photon FCS setup is being used to investigate green fluorescent protein
(GFP), a much smaller, but considerably brighter, fluorophore.
This work was supported through funding from National Institutes of Health
(grant #1R01EB009644-01).
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The three-dimensional localization of single molecules is a key feature for
localization based super-resolution microscopy. Simple methods for molecule
localization along the optical axis typically provide a precision that is about 2.5
times worse than lateral. Dual objective microscopes with 4Pi emission detec-
tion can improve the axial localization precision to match the lateral. However,
4Pi detection requires complicated instrumentation, intricate maintenance and
expensive parts. Therefore, dual objective 4Pi detection is not suitable for
everyday biological use. We demonstrate that 4Pi detection for localization
based super-resolution microscopy can be realized by using only one objective
and a mirror, which eliminates the drawbacks of dual objective 4Pi detection,
but still provides isotropic localization precision.
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The phasor analysis of FLIM images provides a fit free global view of molec-
ular species and their interaction in cells and tissues. Different techniques are
used to collect the original data either in the time domain or in the frequency
domain. The ‘‘phasor transformation’’ which is based on the calculation of
Fourier components should in principle make the phasor plot independent of
the domain of data collection. However, technical differences between the
modalities of data acquisition in various instruments result in slightly different
phasor calculations. In this poster we discuss the origin of the variations be-
tween the different methods of data acquisition. In particular we compare
data obtained with the classical analog frequency domain instrument, data
obtained with the FLIMbox principle that is based on a digital equivalent of
the frequency domain instrument and data obtained with the popular time-
correlated single photon counting instrument. We discuss how to minimize
these differences which could results in phasors plots that can be directly com-
pared form data obtained with different instruments. We also discuss and com-
pare methods of data filtering which can decrease the noise in the phasor plot
without affecting the resolution of FLIM images. Finally we compare phasor
plots obtained for different harmonics of the laser repetition frequency. We
show that the phasor plot at high harmonics from autofluorescence tissue sam-
ples can distinguish between various extracellular components such as the weak
fluorescence from collagen and elastin. Work supported in part by NIH-P41
P41-RRO3155, 8P41GM103540 and P50-GM076516
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The digital parallel frequency domain design is a powerful approach that offers
the possibility to implement a variety of different applications in fluorescence
spectroscopy and microscopy. It allows lifetime measurements in a cuvette,
fluorescence lifetime imaging and FCS as well as multi frequency and multi
wavelength tissue imaging in small portable medical devices. It dramatically
reduces the acquisition time from the several minutes scale to the seconds scale,and performs every signal process in a digital fashion, avoiding any RF emis-
sion and it is extremely inexpensive. This development is the result of a system-
atic study carried on the previous design known as the FLIMbox. The extensive
work done in maximizing the performance of the original FLIMbox led us to
develop a new hardware solution with exciting and promising results and
potentials that were not possible in the previous hardware realizations. The
new design permits acquisition of the full harmonic content of the sample re-
sponse when it is excited with a pulsed light source in one single measurement
using the digital mixing principle that was developed in the original FLIMbox.
Furthermore, it is very stable, has very low power requirements and higher pre-
cision, and allows the multi exponential analysis. The FLIMbox can be
synchronized with lasers that are intrinsically modulated or can generate a fre-
quency to amplitude modulate a laser diode or LED. It provides up to four input
channels, it has a saturation feedback control to avoid any time information
loss, and it is only limited by the number of photons collected rather than by
the sampling window implementation scheme. Work supported by NIGMS,
8P41GM103540.
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The rapid quantification and identification of infectious disease agents is of pri-
mary importance for medical diagnosis, public health, food safety and environ-
ment monitoring. Here we describe an alternative, simple and rapid method to
detect very low concentrations of bacteria in water. Our device consists of
a small confocal microscope with a horizontal geometry with large pinhole
and a holder for cylindrical cuvettes. Two motors provide a rotational and
slower vertical inversion motion of the cuvette, so as to scan a total volume
of 1ml/min. The device looks like a simplified flow cytometer without flow.
Bacteria are stained by two nucleic acid dyes that fluoresce green and red
and excited with two lasers. When a bacterium passes through the observation
volume emits both red and green fluorescence. The light emitted from the
sample is directed by a system of lens toward a dichroic beam splitter and
then separated into two light paths for red and green fluorescence detection re-
spectively. Data are analyzed with a correlation filter program based on particle
passage pattern recognition. The passage of a particle trough the illumination
volume is mimicked with a Gaussian pattern in both channels. The width of
the Gaussian correlates with the time of passage of the particle. When the pro-
gram finds a match with a Gaussian in both channels one particle is counted.
The concentration of particles in the sample is deduced from the total number
of coincident hits and the total volume scanned. This portable setup provides
higher sensitivity (up to few bacteria per ml), rapid results, low cost and
a wide use ranging from clinical applications to pollution monitors and water
and air quality control.
Work supported in part by NIH-8P41GM103540, P50-GM076516.
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Current models of the cell membrane assume a heterogenous environment con-
taining domains. Sphinomyelin and cholesterol enriched nano- and micro- do-
mains form a subcategory of membrane heterogeneities, which are thought to
functionally sequester proteins. Membrane proteins may also be sequestered
by the meshwork membrane proximal actin cytoskeleton. Here we show that
image correlation spectroscopy (ICS) based techniques, applied to standard
TIRF fluorescence microscopy image series, can be used to characterize these
domains. To validate ICS measurements for such systems, we simulated a con-
fined tracer particle diffusion in meshwork and microdomains where we varied
the domain size, domain density, confinement probability and diffusion coeffi-
cients over ranges reported for cells. We show how one can extract from the
correlation function data the characteristic parameters of the system such as ap-
parent domain sizes and characteristic diffusion coefficients. We establish the
limits due to the spatio-temporal sampling and noise. Using the simulations, we
established the minimum number of domains that need to be sampled by tracer
particles for the emergence of confined dynamics features in the correlation
function. Finally, we applied this analysis to the study of dynamics of raft
associated GPI-GFP in COS-7 cell membranes and verified that our tools can
detect changes in the confinement parameters following the application of
drugs that disrupt rafts. The recovered large spatial scale diffusion coefficient
increased from 0.06 to 0.1 um^2/s when cells were exposed to cholesterol
348a Monday, February 4, 2013oxidase or sphingomyelinase. In addition, the effective domain area explored
by tracer particles increased post drug treatments, from 0.25 to 0.31 um^2.
These observations suggest that the domain boundaries are affected by drugs
leading to more permeable domains.
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Forster resonance energy transfer (FRET) can be used as a spectroscopic ruler
to measure nanometer-scale distances. The recovery of inter-dye distance de-
pends on a calibration factor known as the Forster critical distance (R0). This
distance is currently estimated based on measurements of the quantum yield
of the donor dye, the overlap integral between the donor and acceptor dyes,
and assumptions about the index of refraction and the relative orientation of
the donor and acceptor dye molecules.
Here, we report a method to experimentally measure R0, using B-DNA as
a structural reference. Fifteen donor (Cy3)-labeled oligonucleotides were gen-
erated, by placing donor-labeled Thymidines at positions 11, 14,/, 39. A sin-
gle complementary strand was synthesized with acceptor (AlexaFluor647)
at position 10. The strands were annealed, producing dsDNA consisting of a
30 base pair (bp) ruler with a 10 bp cap on each end. For each freely diffusing
construct, the mean transfer efficiency (TE) was measured by single-
pair FRET (sp-FRET) and ensemble (en-FRET). The TE’s as a function of
bp were fit to a reduced representation model of B-DNA that provided the
absolute inter-dye distances. The reduced model was formulated based on an
atomistic model of dye-labeled B-DNA, R0 was recovered from the fit. We
repeated our approach using three different donor/acceptor pairs, each with
a different R0.
1784-Pos Board B676
How can the Enhanced Sensitivity and Favourable Noise Characteristics
Conferred by Electron Multiplication Improve Fluorescence-Guided
Surgery?
Yoann Gosselin1, Brian C. Wilson2, Keith D. Paulsen3, Kolbein Kolste3,
David W. Roberts4, Pablo A. Valde´s5, Leblond Frederic1.
1Polytechnique Montreal, Montreal, QC, Canada, 2University of Toronto,
Toronto, ON, Canada, 3Thayer School of Engineering, Hanover, NH, USA,
4Dartmouth Hitchcock Medical Center, Hanover, NH, USA, 5Dartmouth
Medical School, Hanover, NH, USA.
Biomarkers are traceable substances that can be used to monitor pathological
molecular processes and in particular to guide the resection of tumors. A bio-
marker that is currently being used clinically is the protoporphyrin IX (PpIX),
which has been demonstrated to preferentially accumulate in high-grade glioma
following administration of 5-aminolevulinic acid. In the case of high-grade
glioma, PpIX accumulates in a sufficient manner that it can be seen through
the naked eye when exposed to blue light. However, higher sensitivity is
needed to detect PpIX in other types of brain tumors where PpIX levels are
lower or to achieve more complete resections. Higher sensitivity has been
achieved using a fiberoptics point-probe allowing surgeons to detect PpIX
with an unparalleled sensitivity in vivo during gliomas surgeries. However,
point-by-point detection disrupts the neurosurgical workflow and so less dis-
rupting wide-field imaging methods with high sensitivity and rapid image ac-
quisition are desirable.
We investigate whether or not electron multiplication devices (EMCCD) can
confer sensitivity and acquisition time advantages in fluorescence-guided neu-
rosurgery when compared to scientific-grade charge-coupled devices (CCD).
We present a demonstration of the sensitivity of PpIX detection that can be ob-
tained with a new EMCCD camera that was developed by Nu¨vu¨ Cameras. This
device significantly reduces the noise generated during the read-out process (at
least 10x) and presents a previously unreachable sensitivity in photon counting
mode. Such major reduction in the noise threshold represents an opportunity to
detect very faint levels of PpIX with smaller integration times than was previ-
ously achieved with CCDs. The goal of this study was to open the way to a less
disruptive in vivo fluorescence detection technique to allow surgeon to perform
more accurate resections on a more varied range of intracranial tumors
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University of Texas at San Antonio, San Antonio, TX, USA.We previously found that a 17-amino acid lanthanide-binding tag (LBT) ex-
pressed as a fusion with a cytoplasmic protein in E. coli takes up Tb3þ in
live cells (Biochemistry 50, 6789, 2011). The protein is called DAL after its
three domains: dihydrofolate reductase, ankyrin repeats, and LBT. We ex-
pressed DAL with a C-terminal 6X-His-tag to create a transition metal binding
site for an acceptor of luminescence resonance energy transfer (LRET) from the
Tb3þ donor on the LBT. Cu2þ added outside the cells appeared to be trans-
ported into the cytoplasm, where it quenched the luminescence of DAL-His-
tag similarly to purified DAL-His-tag in free solution. When we expressed
DAL lacking a His-tag, we also observed Cu2þ quenching of luminescence,
and removal of the highly charged ankyrin domains did not alter Cu2þ quench-
ing. The quenching mechanism is likely to be LRET, because Cuþ, which lacks
spectral overlap with Tb3þ, does not quench DAL luminescence. We conclude
that the energy transfer probably occurs by a diffusion-enchanced mechanism.
In the small volume of a bacterial cell, freely diffusing donors and acceptors are
likely to come in contact during the excited state lifetime of Tb3þ (2 msec).
This suggests a possible method for measuring association-dissociation equilib-
ria of large macromolecuar complexes in live bacterial cells. Protein monomers
labeled with LRET acceptors (e.g. GFP or FlAsH-tags) can quench DAL do-
nors by diffusional LRET. When associated into a few large assemblies, the ac-
ceptors will have much slower diffusion and their locations will no longer be
distributed throughout the cytoplasm. We expect that after large assemblies
form, diffusion-enhanced LRET will greatly decrease. We plan to test this on
E. coli assemblies such as the fiber-forming enzyme CTP synthase, and the eth-
anolamine utilization microcompartment.
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Mammalian cells express two classes of phosphatidylinositol 4-kinase (PI4K),
designated Types II and III, which phosphorylate phosphatidylinositol to gen-
erate PI4P. A number of studies indicate that these enzymes are important for
Golgi trafficking and early as well as late stages of endocytosis. In this study,
we focus on PI4KIIb, a protein that is evenly distributed between membrane
and soluble fractions and is believed to participate in stimulus-dependent
phosphoinositide signaling. Using molecular brightness analysis, we found
that EGFP-tagged PI4KIIb exists as two distinct species in the cytoplasm,
a soluble monomer and a high order complex enriched with multiple copies
of PI4KIIb. This observation is confirmed by autocorrelation analysis which
identifies two species with distinct mobilities. We further demonstrate that
the high order complex enriched with PI4KIIb is sensitive to inhibition of
palmitoylation, indicating that it is associated with membranes, very likely
vesicles. Indeed, we show that the high order PI4KIIb complex is sensitive
to expression of dynamin 2-K44A, a dominant-negative inhibitor of endocyto-
sis. We further directly detect that PI4KIIb co-moves with clathrin light chain
on vesicles using dual-color heterospecies partition analysis. This analysis
allows us to isolate the co-mobile species in the presence of strong background
contribution from the monomeric pool of PI4KIIb. Our results strongly suggest
that PI4KIIb is involved in an early stage of endocytosis, and associated with
clathrin-coated vesicles. Moreover, we establish molecular brightness as a
powerful tool to characterize cellular cytosolic vesicles that are otherwise
difficult to characterize by other techniques. This work is supported by the
National Institutes of Health (R01 GM64589) and the National Science
Foundation (PHY-0346782).
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Chloride is the major anion in cells, and related to many diseases with disor-
dered Cl regulation. For the non-invasive investigation on Cl flux across
the cell membrane, YFP-H148Q and its derviates (Galietta, Haggie et al,
FEBS Lett. 2001, 499(3), 220-4) were introduced as genetically encoded chlo-
ride indicators, including the CFP-YFP-based ratiometric Cl indicator Clome-
leon(Kuner and Augustine, Neuron. 2000, 27(3), 447-59) and Cl-sensor
(Markova, Mukhtarov et al, J Neurosci Methods. 2008, 170(1), 67-76). Neither
the Cl sensitivity (Clomeleon) nor the pH-sensitivity (Cl-sensor) is satisfac-
tory enough for accurate Cl measurements under physiological conditions.
Additionally, the relatively poor photostability of YFP derviates hinders their
